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Introduction
In connection with drafting the Law on renewable energy sources and the expected development of photovoltaic plants in Poland, it is reasonable to adopt legal regulations and technical requirements which should cover the newly connected sources. Currently in Poland there are no explicit and uniform regulations concerning the requirements that should be met by photovoltaic power plants connected to the grid. This article aims to bring to light the issue of some selected requirements that should be posed to photovoltaic sources, and to present how the same issues and problems have been addressed in Germany. Germany, a country with a high technical culture, which adopts and practically applies standards and laws, can boast a large number of photovoltaic power plants. In the German power system the capacity installed in photovoltaic sources amounts to ca. 32 GW. The article presents selected requirements posed to photovoltaic sources by Poland's western neighbour, which, according to these authors, should be incorporated also in the Polish legislation and technical requirements.
Current regulations for photovoltaic sources connected in Poland
In July 2013, the majority of domestic distribution system operators (DSOs) drafted power distribution grid codes (PDGCs). In August 2013, pursuant to Art. 9g. Para. 2 of the Energy Law of 10 April 1997, as then amended, these drafts were subjected to a public consultation process. In December 2013, the President of the Energy Regulatory Office approved the PDGCs drafted by the majority of distribution system operators. They took effect as of January 2014. The PDGCs form parts of the distribution or comprehensive agreements concluded between the entity connected to the grid and the power company. It is worth noting that the previous PDGCs were approved in January 2007, i.e. almost seven years ago. The PDGCs now effective do not set any detailed technical requirements to be met by photovoltaic power plants or farms connected to the distribution grid. These requirements for any grid interconnection applicant may, admittedly, be set by the respective OSD in the applicable interconnection terms and conditions, but this document has another rank, and, more importantly, by using such an option the ability to standardize the requirements for the entire country or OSD region is lost. The lack of explicit and unambiguous requirements for photovoltaic plants or farms connected to the distribution grid will result in a likely influx to Poland of aged photovoltaic plants, worn out or non-interoperable with the grid. This occurred in the case of numerous wind turbine sets connected to medium or low voltage grids, or used cars massively imported from Western Europe. Such plants, in addition to reduced generation efficiency, feature higher failure rates, adverse impact on electricity quality parameters, but, what's worse from the grid point of view, incapability of two-way communication with the distribution or power plant operator. No specific requirements for photovoltaic plants specified in PDGC will also result in problems related with potential investors enforcing the requirements stipulated, e.g. in interconnection terms and conditions. Provisions of the Energy Law very precisely define the situations in which a distribution company may suspend electricity delivery to/receipt from the distribution grid. It is worth noting here that PDGCs allow disconnecting from the distribution grid any wind farms that do not meet the requirements imposed in the PDGC. It therefore seems reasonable to develop and incorporate in PDGCs detailed and modern requirements for photovoltaic sources, uniform across the whole country. In addition to the standards so incorporated, country-wide uniform, and applicable to both investors and photovoltaic power plant manufacturers interested in building such plants in Poland, the above presented solution will protect potential investors. Above all, however, it will protect the environment against the inevitable necessity to recycle photovoltaic power plants previously used for a few to several years, imported from European countries, namely from the so-called repowered plants, where the plant or its components had been replaced by new equipment with better performance and technical and economic characteristics. Incorporation of the described solution perfectly fi ts in with the trend, commonly shared around the world and in Poland, to build smart grids and systems.
Selected requirements for photovoltaic sources connected to medium voltage grids in Germany
Regulations governing the operation of photovoltaic power plants in Germany are set out in particular in the following documents: 
Remote limitation of photovoltaic power plants active power output
In the case of overload of a distribution grid's components, the grid operator must be able to remotely limit/reduce the active power output of photovoltaic power plants. Accordingly, it is required that any photovoltaic plant reaches any active power output set by the operator in 60 seconds, and operates within a set active output limit until it is cancelled by the grid operator.
Active power output limitation due to increased grid frequency
It is required that any photovoltaic plant is capable of reducing its active power output in the case of a grid frequency increase over 50.2 Hz. Photovoltaic power plants must reduce their active power outputs with the gradient 40% Pm/Hz. When the grid frequency is higher than 51.5 Hz or lower than 47.5 Hz, the plants must be disconnected from the grid. At the frequency range of 47.5-50.2 Hz photovoltaic plants operate freely and are not required to reduce their active power outputs. Fig. 1 illustrates the method for determining the photovoltaic plants active power output reduction depending on the frequency.
Voltage and reactive power control
In view of the need to maintain the required voltage range, photovoltaic power plants must be able to participate in voltage control. It is therefore required that the inverters, as the devices directly connected to the grid, are capable of operation in the following modes:
• cosj control in range cosj = +/-0,95 • control to voltage setpoint • control to reactive power setpoint. According to the selected operating mode, PV plant outputs reactive power to, or inputs from, the system. Changes in the power plant's reactive power output allow for stepless voltage control in the interconnection point. This control mode is crucial to maintain the required interconnection voltage, especially in the context of plants active power output variations due to weather conditions. As regards power plant operation in the cosj control mode, a cosj setpoint should be achieved within 10 s. When operated in reactive power control mode, a plant should achieve a reactive power setpoint in 10 s -1 min.
Photovoltaic plant operation in the event of MV grid short circuit
Photovoltaic power plants should be fi t for operation in the event of a grid short-circuit resulting in a voltage drop in the interconnection point. Fig. 2 shows a curve representing the areas over which the PV plant should not be disconnected from the grid.
In the area below the blue line shown in Fig. 2 no requirements are posed as to the obligation to maintain the photovoltaic plant operation. At a voltage in the area between lines 1 and 2, the plant is required to maintain its operation, but there may be some special circumstances that may be agreed with the system operator. An example of such an arrangement with the operator may be the option to relocate line 2. 
Summary
Because of Poland's obligation to derive 15% of energy from renewable sources by 2020, solar energy can have a signifi cant impact on the shape and thus the operation of the national distribution network. Western experience shows that photovoltaic power plants are characterized by a relatively high reliability and relatively low construction cost. Solar technology has already shown its potential in Germany, Italy, Greece and Slovakia, and it enjoys large popular support. It's also worth underlining that with an increase in the installed capacity, the technology costs signifi cantly fall. These plants enjoy wide interest also because they require virtually no additional service. In addition, they emit no harmful gases and are rather silent. Unlike wind turbines or biogas plants, they do not yet raise any bad associations, and their construction plans inspire no confl ict in the areas where they can be sited. Other European countries' experience indicates that in the near future dynamic development of photovoltaic generation can be expected. Even for the reasons selected and discussed in this paper, immediate drafting and incorporating in the national legislation the requirements for potential photovoltaic sources to be connected in the near future to the National Power System appears signifi cant and even essential. Given the obligation of distribution system operators to system users' non-discriminatory treatment, it seems reasonable to defi ne and implement them as soon as possible. It is desirable that these regulations are introduced before the possible announcement of the law on renewable energy sources. w czasie 60 sekund osiągnęły zadany przez
REFERENCES

Instrukcja Ruchu i Eksploatacji Sieci Przesyłowej (IRiESP), [PTGV
